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ABSTRACT
Galaxy mergers are expected to produce multiple supermassive black holes (SMBHs)
in close-separation, but the detection of such SMBHs has been difficult. 2MASS
J165939.7+183436 is a red active galactic nucleus (AGN) that is a prospective merg-
ing SMBH candidate owing to its merging features in Hubble Space Telescope imaging
and double-peaked broad emission lines (BELs). Herein, we report a Gemini Multi-
Object Spectrograph Integral Field Unit observation of a double-peaked broad Hα line
of 2MASS J165939.7+183436. Furthermore, we confirm the existence of two BEL peaks
that are kinematically separated by 3000 km s−1, with the SMBH of each BEL compo-
nent weighing at 108.92±0.06M and 107.13±0.06M, if they arise from independent BELs
near the two SMBHs. The BEL components were not separated at > 0.′′1; however,
under several plausible assumptions regarding the fitting of each spaxel, the two com-
ponents are found to be spatially separated at 0.′′085 (∼ 250 pc). Different assumptions
for the fitting can lead to a null (< 0.′′05) or a larger spatial separation (∼ 0.′′15).
Given the uncertainty regarding the spatial separation, various models, such as the
disk emitter and multiple SMBH models, are viable solutions to explain the double
BEL components. These results will promote future research for finding more multiple
SMBH systems in red AGNs, and higher-resolution imaging validates these different
models.
Keywords: (galaxies:) quasars: supermassive black holes — galaxies: evolution —
galaxies: interactions — galaxies: active — galaxies: individual (2MASS
J165939.7+183436)
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1. INTRODUCTION
According to Λ cold dark matter (ΛCDM) cos-
mology, massive galaxies grow via galaxy merg-
ing events. Since almost all spheroidal galaxies
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harbor SMBHs at centers of their bulges (Ko-
rmendy & Ho 2013), multiple SMBHs are ex-
pected to exist in the core of merging galax-
ies, with some of them merging to form a
highly massive SMBH. Therefore, finding mul-
tiple SMBH systems in the process of merging
or in close-separation is crucial for understand-
ing the hierarchical growth of galaxies and the
growth of SMBHs.
Several of the multiple SMBH systems are
expected to be binary SMBHs (bSMBHs) or
recoiling SMBHs (rSMBHs) after a bSMBH
merger. rSMBHs are merged SMBHs recoil-
ing at a speed of up to several thousand
km s−1 (e.g., Campanelli et al. 2007) owing to
anisotropic gravitational wave (GW) emission
at the time of merging (Peres 1962). Moreover,
there have been many efforts to detect bSMBHs
and rSMBHs. To date, various observational
features have been suggested to indicate the
presence of bSMBHs: (i) spatially separated
cores (e.g., Myers et al. 2008; Green et al. 2010);
(ii) double-peaked BELs (e.g., Boroson & Lauer
2009); and (iii) double-peaked narrow emission
lines (NELs; e.g., Woo et al. 2014).
To find rSMBHs, previous studies have used
two observational characteristics: (i) the spatial
offset between the centers of the broad line re-
gion (BLR) and the host galaxy (e.g., Lena et
al. 2014); and (ii) BELs having a velocity offset
with respect to the systemic velocity (e.g., Ko-
mossa et al. 2008). Although systems exhibit-
ing the aforementioned properties have been de-
tected, such claims are not yet fully convincing
(e.g., Shields et al. 2009; Chornock et al. 2010;
Condon et al. 2017).
Some of the possible candidates that are well-
suited for detecting bSMBHs and rSMBHs are
red active galactic nuclei (AGNs). Red AGNs
are AGNs that exhibit a highly red colors ow-
ing to dust obscuration (e.g., J–K > 1.7, R–
K > 4.0, and E(B–V ) > 0.1 in Glikman et
al. 2007). Moreover, based on simulations, red
AGNs are considered to be the final stage of
a galaxy merger (Hopkins et al. 2008; Blecha et
al. 2018); in addition, this consideration is based
on observational grounds such as (i) dusty red
colors (Kim & Im 2018), (ii) high BH accretion
rates (Kim et al. 2015b, 2018; Kim & Im 2018),
(iii) enhanced star formation activities (Geor-
gakakis et al. 2009), (iv) high fractions of merg-
ing features (Urrutia et al. 2008; Glikman et al.
2015), and (v) young radio jets (Georgakakis et
al. 2012).
Recently, we identified a red AGN, 2MASS
J165939.7+183436 (hereafter 1659+1834), that
has a double-peaked BEL profile and a host
galaxy with a merging feature. Here, we present
a spatially resolved spectroscopic observation of
the core of 1659+1834 using the Gemini Multi-
Object Spectrograph (GMOS) Integral Field
Unit (IFU) as an attempt to find the separa-
tion of the two BELs at & 0.′′1.
In this study, we adopt a standard ΛCDM
model of H0 = 70 km s
−1 Mpc−1, Ωm = 0.3,
and ΩΛ = 0.7, which is supported by obser-
vational studies conducted in the past decades
(e.g., Im et al. 1997; Planck Collaboration et al.
2016, 2018).Therefore, 1 arcsec corresponds to
∼2.9 kpc at a redshift of 1659+1834, z = 0.170.
2. 1659+1834
Our target, 1659+1834, is a nearby (z =
0.170) bright (12.9 mag in the Ks band) AGN
and one of the 2MASS-selected red AGNs (Mar-
ble et al. 2003). The 2MASS-selected red AGNs
are spectroscopically confirmed quasars with
J–Ks > 2 (Cutri et al. 2001; Smith et al.
2002). Not all of the AGNs selected using this
NIR color criterion are dust-obscured red AGNs
(Kim et al. 2018), but 1659+1834 is a dust-
obscured red AGN with E(B–V ) ∼ 0.5 (Kim
et al. 2018).
Similar to several other dust-obscured red
AGNs, 1659+1834 exhibits the morphology of
a galaxy merger. Figure 1 shows the surround-
ing region and the central part of 1659+1834.
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Figure 1. (a) DECaLS r band and (b) HST WFPC2 F814W images of 1659+1834. The DECaLS image
shows extended low surface brightness features that can be interpreted as tidal tails resulting from a galaxy
merger. The white arrow denotes north. The HST image shows the central structures of the inner region.
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Figure 2. Hβ, Hα, Pβ, and Pα lines of 1659+1834. The black lines are the continuum-subtracted spectrum
sourced from Kim et al. (2018), and the purple lines represent the best-fit models. The cyan lines indicate
the narrow lines, and the blue and red lines represent the primary and secondary components, respectively.
The red vertical dashed lines represent the central wavelengths of secondary components. In the Hα line,
the gray box represents the spectral region affected by telluric lines.
The larger-field-of-view image from the Dark
Energy Camera Legacy Survey (DECaLS; Dey
et al. 2019) reveals tidal tails, and Hubble Space
Telescope (HST) F814W imaging 1 of the cen-
1 Based on observations made with the NASA/ESA
Hubble Space Telescope, obtained from the data archive
tral part shows two galaxy components, which
support the merger hypothesis.
at the Space Telescope Science Institute. STScI is oper-
ated by the Association of Universities for Research in
Astronomy Inc. under NASA contract NAS 5-26555.
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Since 1659+1834 was spectroscopically ob-
served in the optical wavelength range in 1999
(Smith et al. 2000), several other spectroscopic
observations have been made in the optical
range in 2004, for example, through the Sloan
Digital Sky Survey (SDSS) and Canalizo et al.
(2012) using the Echellette Spectrograph and
Imager (ESI; Sheinis et al. 2002). In addition,
an NIR spectrum was obtained in 2016 (Kim et
al. 2018).
Figure 2 shows the Hβ, Hα, Pβ, and Pα lines
of 1659+1834 obtained from the optical and
NIR spectra presented in Kim et al. (2018) and
the result of spectral fitting using the method
described in §4. The figure demonstrates that
1659+1834 has double-peaked BELs comprising
big blue and small red components. We de-
fine the big blue and small red components as
the primary and secondary components, respec-
tively. Only the primary components have the
corresponding NELs.
The FWHM values of the secondary com-
ponents are ∼2100 km s−1, and those of the
primary components are ∼4000–8500 km s−1
(e.g., Hβ: 7980±260, Hα: 8490±90, Pβ:
5310±170, and Pα: 4090±170 km s−1). The
secondary BEL components are redshifted by
∼ 3000 km s−1 from the NELs, as shown in Fig-
ure 2.
Figure 2 shows that the line-flux ratio trends
of the primary and secondary components are
different. The observed flux ratios of Pα/Hβ,
Pβ/Hβ, and Hα/Hβ are 1.43±0.38, 1.58±0.33,
and 6.96±1.36 for the primary component, and
2.45±0.31, 1.55±0.11, and 2.32±0.88 for the
secondary component. The different line ratios
of the primary and secondary components sug-
gest that the two components may arise from
physically different BLRs. However, the large
errors in some of the line ratio measurements
make such a claim inconclusive. Notably, af-
ter internal extinction correction (E(B − V ) =
0.505; Kim et al. 2018), the line-flux ratios of
the primary component are consistent with the
general line-flux ratios of type 1 AGNs (e.g.,
LPα/LHβ: 0.37, LPβ/LHβ: 0.34, and LHα/LHβ:
3.1; Dong et al. 2008; Kim et al. 2010).
When the spectra obtained in 1999 (Smith
et al. 2000), 2004 (Canalizo et al. 2012), and
2018 (this work) are compared, no change is ob-
served in the central velocity offset over the 20
yr-period between the primary and secondary
components at ∆V < 50 km s−1. The constant
velocity offset over 20 yr suggests that the phys-
ical separation between the two components is
&1 pc,2 if one component orbits around the
other component.
3. OBSERVATION AND DATA
REDUCTION
Using the GMOS IFU on the Gemini North
telescope (Allington-Smith et al. 2002), we
obtained the spatially resolved spectra of
1659+1834 on 2018 May 20. The data were
obtained under clear weather, and the seeing,
determined from the guide star image, ranged
from 0.′′3 to 0.′′6.
The spectra were obtained using a one-slit-
mode setup with R400 grating, which provides
a spectral resolution of R ∼ 3100 across 4500–
8800 A˚. This observational setup provides a
field of view (FoV) of 5.′′0×3.′′5, which is suffi-
ciently wide to include the central structures
of 1659+1834. This FoV is sampled using
hexagonally shaped lenslets with a radius of 0.′′1
(Allington-Smith et al. 2002).
The observation was performed using 12 ex-
posures, each lasting for 1200 s; hence, the to-
tal integration time was 14,400 s. For the flux
calibration, we observed a nearby standard star
2 This limit is calculated by assuming that the sec-
ondary component is orbiting around the primary com-
ponent in a circular orbit with an orbital speed of
3000 km s−1, where we expect to observe the velocity
offset change due to the change in the radial velocity
component along the line of sight
5after the sample observation using the same ob-
servational setup.
The spectra were reduced using the general
Gemini IFU reduction package.3 Through the
reduction process, the data were resampled onto
1700 (34×50) rectangular spaxels with a size of
0.′′1×0.′′1. The reduction process returns flux
variance, which is used to determine the flux
uncertainty. The yielded variance includes the
correction for the statistical correlation between
adjacent spaxels produced by resampling large
lenslets into fine spaxels (see Section A8 of
Davies et al. 2015).
To estimate errors in the centroid position of
a specific component using this procedure, we
compare the spatial distributions of five pairs of
two nearby continuum fluxes ((i) 6100–6150 A˚
and 6150–6200 A˚; (ii) 6200–6250 A˚ and 6250–
6300 A˚; (iii) 6850–6900 A˚ and 6900–6950 A˚; (iv)
6950–7000 A˚ and 7000–7050 A˚; and (v) 7050–
7100 A˚ and 7100–7150 A˚) assumed to be spa-
tially coincident to each other. We find that
the centroids of the two components are sepa-
rated by 0.026±0.008 spaxel without any direc-
tional bias, suggesting that this is the level of
accuracy for the centroid determination with a
sufficiently large signal-to-noise ratio (S/N; up
to ∼75) in the flux.
4. ANALYSIS
To increase the S/N of each wavelength ele-
ment of each spaxel, we rebinned the reduced
spectrum to have the wavelength pixel resolu-
tion of ∆λ = λ/R, where R = 3100. Typically,
4–5 wavelength elements are combined to form
a rebinned wavelength element. The spectra ex-
hibit high S/Ns of the continuum at 6950 A˚,
with the highest S/N of ∼75 at the brightest
center.
After shifting the rebinned spectrum to the
rest frame at z = 0.170 (Marble et al. 2003), the
3 https://gmos-ifu-1-data-reduction-tutorial-gemini-iraf.
readthedocs.io
continuum is fitted around the Hα line in 218
spaxels that has an optimal S/N (>15). Note
that the analysis is restricted to Hα, as Hβ did
not have a sufficient number of spaxels with an
appropriate S/N to allow the decomposition of
the primary and secondary components. The
spatial area covered by these high S/N spaxels
corresponds roughly to the central region within
a radius of ∼0.′′85. The seeing condition of 0.′′6
smears the central AGN light to ∼1.′′0, making
the AGN light the dominant component in the
high S/N spaxels. Therefore, we adopt a single
power-law function to fit the continuum (e.g.,
Kim et al. 2010, 2015a). The continuum-fitting
regions are chosen as 6100–6250 A˚ and 6800–
7100 A˚ to avoid line features.
Every fitting procedure is performed using
MPFIT (Markwardt 2009). MPFIT returns the
fitted parameters and their uncertainties, and
the continuum-fitting uncertainties (errors in
the fitted parameters) are added to the resid-
ual flux errors in quadrature (σ2 = σ2fit + σ
2
flux).
After the continuum subtraction, we fit the
Hα line, [N II] λλ6548, 6583, and [S II] λλ6716,
6731 simultaneously. The Hα line is decom-
posed into a narrow line and a double-peaked
broad line, as shown in Figure 3. Note that the
wavelength regions of 6250–6280, 6400–6480,
6530-6700, and 6750-6900 A˚ are used for the fit,
and we omit the spectra at 6280–6400 A˚ to avoid
the [O I] λλ6300, 6363 doublet.
A single Gaussian function is used for fitting
the Hα narrow line, and two double Gaussian
functions are assigned for the [N II] and [S II]
doublets. These five Gaussian functions are fit-
ted simultaneously with the same widths, and
a fixed flux ratio of 2.96 is applied to the [N II]
doublet (Kim et al. 2006). We set free the
central wavelength for the Hα narrow line, but
those of the other NELs are bound to the Hα
narrow line.
NELs are often fitted with double or multiple
Gaussian functions (e.g., Ho et al. 1997). How-
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Table 1. Primary and Secondary Component Properties of the Hα Line
Primary Component Secondary Component
LHα FWHMHα MBH LHα FWHMHα MBH Coord.
1
(1043 erg s−1) (km s−1) (M) (1042 erg s−1) (km s−1) (M) (South, East)
6.14±2.02 6210±130 108.92±0.06 1.39±0.48 1930±130 107.13±0.06 0.′′068, 0.′′051
Note— 1 Coordinate of the secondary component with respect to the primary component
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Figure 3. (Top) Hα line fitting result in the in-
tegrated spectrum. The black line indicates the
continuum-subtracted spectrum, and the gray box
represents the masked out spectral region affected
by telluric lines. The purple line represents the
best-fit model, and the cyan line indicates the nar-
row lines of Hα and [N II] doublets. The blue and
red lines represent the primary and secondary com-
ponents, respectively. The vertical dotted lines in-
dicate the fitted narrow lines of Hα, [N II], and [S II]
doublets. (Bottom) The residual of the fitting.
ever, the Hα narrow line and each line of the
[N II] and [S II] doublets of 1659+1834 are well-
fitted with a single Gaussian model (Kim et al.
2018) without any significant improvement in
the fitting by using a double Gaussian model.
Therefore, we fit the Hα narrow line and each
line of the [N II] and [S II] doublets with a single
Gaussian model.
The Hα double-peaked BEL is fitted with
three Gaussian functions, and their widths and
central wavelengths are set as free parameters.
We compare the spatial flux distributions for
the three Gaussian functions. The centers of
the distributions of two Gaussian functions are
spatially close (∼0.2 spaxel) at short wave-
lengths, but the reddest Gaussian component
is ∼4 times away from the two blue compo-
nents. We group the two short-wavelength
Gaussian components into a single component
and name it the primary component. Further-
more, the longest-wavelength Gaussian compo-
nent is treated as a separate component called
the secondary component. During the fit, we
fix the flux ratio of the two Gaussian func-
tions of the primary component, and the fixed
ratio is adopted from the measurement in the
integrated spectrum obtained from all spaxels.
This procedure is justified if we assume that
the shapes of both of the components do not
change at different spaxels because the line flux
of a component originates from a single emitting
source.
7We also tried to fit the BEL with four Gaus-
sian components. However, there was no signif-
icant improvement in χ2, and the added Gaus-
sian function was unreliably broad (FWHM >
10, 000 km s−1) with a near-null flux. Therefore,
we used the results obtained using three Gaus-
sian functions.
The fit provides the FWHM and flux for each
spaxel, and the FWHM values are adopted after
correcting the instrumental spectral resolution,
as FWHM2 = FWHM2obs − FWHM2inst. MPFIT
also yields the fitting uncertainties of the pri-
mary and secondary component fluxes, which
are found to be 4.6 % (from 1.1 % to 18 %) and
13 % (from 3.9 % to 49 %), respectively, in each
of the 218 spaxels.
Moreover, we measure the FWHM values and
luminosities of the primary and secondary com-
ponents using the integrated spectrum obtained
from all spaxels. The line luminosities are de-
rived assuming that E(B–V )line = 0.505±0.007
from line-luminosity ratios (Kim et al. 2018).
However, the assumed E(B–V ) value can be
changed to E(B–V )cont = 0.636 ± 0.001 if the
continuum shape is used (Kim et al. 2018), and
this can cause the line luminosities to vary by
32.9 %. Thus, we consider the 32.9 % variation
to be an additional uncertainty arising from the
extinction correction, and add this to the flux
uncertainties. The fitting results are listed in
Table 1.
5. SPATIAL SEPARATION OF TWO BEL
REGIONS
We construct two flux images for each Hα
BEL component. The total flux value of each
BEL component obtained from the pixel-by-
pixel spectral fit was assigned as the pixel value
of the corresponding BEL component. Panels
(a)–(c) of Figure 4 show the images of the cen-
tral part (0.′′7×0.′′7) of each component and a
comparison of the primary and secondary com-
ponents. We find that the two BEL compo-
nents originate from the central region, not from
the off-center substructure seen in HST imag-
ing. However, the panels of Figure 4 show that
the secondary component is slightly shifted with
respect to the primary component.
We measure the centroid values of the two dis-
tributions via a two-dimensional Gaussian fit.
The fitted centroid values are separated by 0.85
spaxels (0.′′085) which corresponds to ∼250 pc in
a physical scale.
As a reference, we compare the flux images of
the blue (6420–6480 A˚) and central parts (6530–
6610 A˚) of the Hα primary component, which
are shown in panels (d)–(f) of Figure 4. The
centroid offset is measured to be 0.13 spaxels,
consistent with no spatial offset between the two
wavelength images.
However, the measured spatial centroids vary
with the manner in which the fitting parameters
are fixed. As a test, we assigned the line widths
and central wavelengths of the three Gaussian
functions as free or fixed parameters, where the
fixed values are adopted from the measurements
in the integrated spectrum. In total, there are
64 cases for the fit. The measured centroid off-
sets vary from 0.39 to 1.48 spaxels with a me-
dian offset of 0.87 spaxels, as shown in Figure
5.
We note that the measured spatial centroid
can be changed by setting the fitting condition
differently. If the flux ratios of the three Gaus-
sian components used for the primary and sec-
ondary components are set as free, the measured
centroid offset varies from 0.05 to 1.15 spaxels,
and the median offset is 0.39 spaxels. This re-
sult implies that the measured centroid offset
could be changed depending on the fitting con-
ditions, and the measured spatial centroids are
potentially volatile measurements.
Moreover, we investigate the effects of the see-
ing on the separation. Among the 12 expo-
sures in our observation, the seeing was optimal
and stable at 0.′′3–0.′′4 during the first exposure.
From the data obtained from the first exposure,
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Figure 4. (a)–(c): Flux images of the primary and secondary BEL components with their contours, and
their comparison, showing a slight spatial offset between the two components. A spatial offset of 0.′′085 is
found between (a) and (b). (d)–(f): Flux images of the primary BEL components split into two wavelength
regions to show the expected amount of image shift from a single BEL component. Images (d) through (e)
show no significant offset.
we measure the centroid offset of the two com-
ponents, which is 0.52 spaxels. The other 11 ex-
posure data all show offsets of 0.46–1.00 spaxels,
with the median centroid offset of 0.69 spaxels.
This result implies that the separation can only
be 0.52 spaxels and that the measured separa-
tion of 0.85 spaxels is exaggerated because the
data were obtained at a suboptimal seeing∼0.′′6.
The probability of the centroid offset being
created by chance is also examined. To this
end, we perform a Monte-Carlo simulation 1000
times by adding Hα line flux uncertainties ran-
domly for each spaxel. However, the uncer-
tainty of the centroid offset arising from the flux
uncertainty is only 0.09 spaxels, which is not
significant compared to the other uncertainties.
Considering these tests, we cannot exclude
two possibilities: First, the separation is smaller
or bigger than 0.85 spaxels. The measured sep-
aration can vary from <0.5 to 1.5 spaxels de-
pending on the fitting parameter setup. Sec-
ond, there is no separation, and the measured
separation is a result of several kinds of over-
lapping uncertainties. If the separation is <0.5
spaxels, the measured separation can arise from
the seeing effects, as a centroid is determined at
an accuracy of ∼10 % of the seeing.
Otherwise, if the primary and secondary com-
ponents are indeed spatially separated, the two
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Figure 5. Measured centroids of the primary
and secondary BEL components for the 64 cases
obtained by setting the fitting parameters to free
or fixed. The blue and red dots indicate the cen-
troids of the primary and secondary components,
respectively.
components of the BEL arise from indepen-
dent SMBHs. We measure the BH masses
of these two components using their respec-
tive LHα and FWHMHα values from the inte-
grated spectrum. The BH masses are estimated
by adopting the Hα-based BH mass estimator
(Eq. A1 in Greene & Ho 2007). Thus, we
obtained the BH masses of 108.92±0.06M and
107.13±0.06M for the primary and secondary
components, respectively.
6. ORIGIN OF TWO BELS
Several plausible models can be considered
to explain the double-peaked BEL system: (i)
a bSMBH system; (ii) a disk emitter; (iii) an
SMBH-rSMBH system; and (iv) a gravitational
slingshot. These possible systems are presented
in Figure 6.
First, the bSMBH scenario is the most un-
likely. The secondary component does not have
associated NELs, and this disfavors the case
of two AGNs brought to proximity recently
(. 1 Gyr). The superposition of two AGNs
in the same line of sight can be also excluded
for the same reason. Furthermore, if the sepa-
ration is ∼250 pc as suggested by some of the
spaxel fitting solutions obtained in this study,
the bSMBH interpretation expects a velocity
offset of ∼250 km s−1 even if (i) the orbital ec-
centricity of the bSMBHs is 0.75 and (ii) the BH
in the secondary component is at perigee. This
is a factor of ∼10 smaller than the measured
velocity offset of 3000 km s−1.
Several AGNs exhibit double-peaked BELs,
and the disk emitter model can successfully ex-
plain such AGNs (e.g., Chen et al. 1989; Chen
& Halpern 1989). For the accretion disk of a
109M black hole with the disk extending out
to∼10 Schwarzschild radii (Morgan et al. 2010),
the outer edge of the disk is ∼ 0.002 pc. This is
far smaller than the size explored in this study,
and is consistent with some of our solutions for
the spatial separation. Therefore, the disk emit-
ter model is viable.
Another possible but exotic scenario is that
1695+1834 is a combined system comprising
a primary SMBH and a secondary rSMBH.
rSMBHs can be recoiled at a speed up to several
thousands of km s−1 (Campanelli et al. 2007),
which matches the measured BEL velocity off-
set of 1695+1834. Furthermore, BLRs could
be gravitationally bound to rSMBHs; however,
rSMBHs leave narrow line regions behind to the
host galaxy (Blecha et al. 2011). This can ex-
plain why only the primary components of the
BELs have the associated NELs. Considering
this scenario, there were three SMBHs origi-
nally, one in a galaxy and a close pair of SMBHs
in another galaxy. After these two galaxies
merged, two active nuclei made of the three
SMBHs came close to each other. Then, the
two close SMBHs merged and recoiled at a line-
of-sight speed of ∼ 3000 km s−1.
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Figure 6. Plausible models of the central SMBH system of 1659+1834. (a) bSMBH model: the bSMBH
system is comprised of two SMBHs, SMBH1 and SMBH2, and they are orbiting their center of mass. The
bSMBH model can explain the double-peaked BEL, but the measured velocity offset and spatially separated
distance of the double-peaked BEL of 1659+1834 cannot arise from the bSMBH system. (b) Disk emitter
model: the disk emitter model can explain the double-peaked BEL, but not the spatial separation of the
double-peaked BEL. (c) SMBH–rSMBH model: a multiple SMBH system comprising SMBH1, SMBH2, and
SMBH3 is shown. The merging of SMBH2 and SMBH3 yields an rSMBH with the emission of GWs. (d)
Gravitational slingshot model: SMBH1 and SMBH2 constitute a hung-up bSMBH system, and SMBH3 is
gravitationally ejected at a speed of several thousands of km s−1. The SMBH–rSMBH and gravitational
slingshot models can explain the measured velocity offset and spatially separated distance of the double-
peaked BEL of 1659+1834.
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Finally, we also suggest a gravitational sling-
shot involving triple SMBHs as a possible expla-
nation (Haehnelt et al. 2006). Three SMBHs are
involved in this case as well. The primary com-
ponent is a hung-up binary SMBH system that
is approached by a relatively light SMBH with
the BLR. This light SMBH, that is, the sec-
ondary component, and its BLR can be ejected
at a speed of several thousands of km s−1 (e.g.,
Haehnelt et al. 2006; Hoffman & Loeb 2006) and
identified as a spatially and kinematically offset
AGN.
7. DISCUSSION
In this study, we investigated the spatial dis-
tributions of the primary and secondary velocity
components of the double-peaked BEL of a red
AGN of a merging galaxy, namely, 1659+1834.
The centroid offset between the two components
is measured to be 0.′′085 under several plausi-
ble velocity component fitting settings; how-
ever, this result is ambiguous, as different an-
swers, including a near-null (< 0.′′05) or a large
spatial separation (∼ 0.′′15), can be obtained if
substantially extensive velocity component fit-
ting settings are considered. As there is no
convincing evidence regarding the spatial sep-
aration of the BEL components, several physi-
cal origins for the double-peaked emission lines
of 1659+1834 could be possible, including the
origins explained via the disk emitter model
and the more exotic rSMBH or slingshot SMBH
models.
Nevertheless, the possible separation of 0.′′085
that was obtained under several plausible BEL
fitting assumptions in this study favors the
SMBH–rSMBH or gravitational slingshot model
over the binary SMBH or disk emitter model.
This result encourages future research for find-
ing more multiple SMBH systems in red AGNs.
High-angular-resolution observations, such as
those performed using the IFU with adaptive
optics and VLBI in radio, can possibly con-
firm the spatially separated nature of the BEL
cores of 1659+1834 and detect more similar
systems. Our result also reveals interesting
prospects regarding the electromagnetic (EM)
counterpart search for GW events triggered by
binary BH mergers. Several works suggest that
EM emissions might occur owing to BH merg-
ers in the accretion disks of AGNs (e.g., Bartos
et al. 2017). If the multiple SMBH scenario for
1659+1834 is accurate, red AGNs can be excel-
lent candidates as hosts of binary SMBH merger
events that might be discovered through future
missions such as the Laser Interferometer Space
Antenna (LISA).
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